In order to achieve an efficient and predictable separation compatible with the MPLC scale, equivalent selectivities between analytical HPLC and MPLC have to be ensured. Therefore, it is recommended to maintain the same stationary phase chemistry and use column geometries that correctly fit with the requirements of the preparative scale for given separations. Scale-up from the HPLC to the MPLC scale requires a good mastery of chromatography theory and thorough characterisation of the liquid chromatography platforms used. A summary of all important chromatography equation involved for an accurate geometrical separation transfer are thus given in the next section, and all key points are highlighted.
Basic rules for HPLC to MPLC scale-up; For a successful method transfer, a first point to be considered is that the reduced linear velocity of the mobile phase (ν) must be kept constant since it is independent on column geometry [1] . Therefore, the product of linear velocity and particle diameter (u·d p ) has to be constant and the flow rate (F) should be changed based on the modifications of the column internal diameter (d c was equal to 4.6 and 49 mm I.D. in HPLC and MPLC, respectively) and particle size (d p was equal to 15-25 µm in both cases).
The MPLC flow rate (F 2 ) can thus be calculated with: The mobile phase flow rate is not the only parameter to be adjusted; the gradient profile has to be adapted to maintain equivalent selectivities between the original and transferred methods.
In the case of linear or multilinear gradient elution, the gradient profile can be decomposed in two parts, isocratic and gradient segments. In any of these cases, the gradient volume should be scaled in proportion to the column volume to yield identical elution patterns [2, 3] . Then, the column volume has to be experimentally measured using a column dead volume marker such as uracil for reversed-phase separation. It was equal to 2.64 and 1020 mL in HPLC and MPLC, respectively.
For any isocratic steps occurring during the gradient (and also equilibrating time), the ratio between isocratic step time (t iso ) and column dead time (t 0 ) should be constant [4] . The following equation was thus employed:
For slope segments, the initial and final gradient composition (%B) must obviously remain constant, and the new gradient time (t grad2 ) can be expressed as:
The new gradient slope (slope 2 ) can be estimated according to Eq. 4:
Considering this equation, the new slope value is equivalent to:
In all these equations, the system dwell volume (or gradient delay volume), V d , which represents the volume from the mixing point of solvents to the head of the analytical column, was not considered [5] . However, because a delay is observed until the selected proportion of solvent reaches the column inlet, the sample is subjected to an undesired additional isocratic migration in the initial mobile phase composition. This also needs to be considered in the scale-up procedure since it could result in retention time variations, affecting the resolution during method transfer. In this study, the dwell volumes of HPLC and MPLC instruments were equal to 0.95 and 13 mL, respectively. At the MPLC scale, it important to have these parameters well characterised for a good estimation of the start of the gradient.
To avoid changes in selectivity during method transfer, the ratio of system dwell time on column dead time (t d /t 0 ) must ideally be held constant while changing column dimensions, particle size, or the mobile phase flow rate. In the present study, the increase in column dead time is significantly higher than the change in dwell volume during the method transfer from HPLC to MPLC. In this case, the difference of t d /t 0 ratios between HPLC and MPLC has to be compensated by an additional isocratic step under MPLC conditions. The duration of this additional isocratic hold can be easily calculated using the following equation:
Expected changes in efficiency, pressure, analysis time, and solvent consumption between HPLC and MPLC; if the flow rate is geometrically equivalent between HPLC and MPLC, the chromatographic efficiency (N) is directly proportional to the ratio L/d p , since the latter can be estimated with the following equation, where h is the reduced height equivalent to a theoretical plate [6] :
In the present study, the particle size remains unchanged while the column length is increased by a factor 3.7 (L/d p = 12500 and 46000 in HPLC and MPLC, respectively), leading to a potential increase of efficiency of the same amplitude in MPLC. Another effect that also contributes to increasing efficiency in MPLC is the employed mobile-phase flow rate. Indeed, the latter was not geometrically equivalent in both modes. Based on van Deemter construction, the HPLC flow rate of 1 mL/min is significantly beyond the optimal value for a column packed with 15-25 µm particles (which should be 100 µl/min), but we have to compromise, otherwise the analysis time would be very long. Then, the achieved efficiency in MPLC may be higher than in HPLC due to a more optimal flow rate (closer to the optimum of the van Deemter curve).
However, this possible gain in efficiency should be balanced by factors that negatively impact the chromatographic efficiency. First, the packing quality of HPLC and MPLC columns (less dense homemade packing in MPLC vs. commercial packing in HPLC) is obviously not equivalent, leading to different h values in equation 7. Because the h value may be significantly higher in MPLC than in HPLC, the plate count is lower than the theoretical MPLC expectations, in agreement with equation 7. Second, the source of additional band broadening may be more pronounced in MPLC, leading to a supplementary reduction of efficiency. This is particularly true for the injected volume since MPLC is performed under overloading conditions to maximize the amount of pure compounds that can be collected.
In terms of analysis time, the latter is directly proportional to the column dead time. Then, the analysis time of the MPLC method (t ana2 ) can be estimated based on the HPLC analysis time (t ana1 ) and according to the following equation:
Because the MPLC flow rate was relatively low (4-15 mL/min) compared to the geometrically equivalent HPLC flow (113 mL/min) and since the column length was also extended by a factor 3.7, the analysis time was drastically increased in MPLC and could be as high as several days instead of a few hours in HPLC.
The modification of backpressure between HPLC and MPLC can be estimated using Darcy's law that helps calculating the pressure drop of a packed column:
Where u is the mobile phase velocity, η is the mobile phase viscosity, and Ф is the flow resistance. The viscosity was equivalent in HPLC and MPLC due to similar mobile phase properties. The particle size was also identical in both modes. The flow resistance is expected to be similar. Nevertheless, because the MPLC packing is less dense than the HPLC one, the 7 Ф will be certainly smaller in MPLC, but this cannot be easily considered with equations. On the other hand, the modification of backpressure between HPLC and MPLC due to changes in column length, internal diameter, and mobile phase linear velocity can be easily calculated with the following equation:
Equation 10 can be used to determine the flow rate that can be employed under MPLC based on HPLC conditions. In all cases, the goal will be to maintain a backpressure below the critical value (< 40 bar).
Finally, the amount of solvent that will be required for the MPLC separation (V 2 ) can be calculated based on the amount of solvent employed in HPLC (V 1 ) and the modification of analysis time obtained from equation 8. 
